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REWRITTEN MARKED UP COPY 

A pattern inspection method in which an image can be detected without an image 
detection error due to caused by an adverse effect to be given by such factors as ions 
implanted in a wafer, pattem connection /no-conn e ction non-connection , and pattern edge 
formation. A digital image of an object substrate is attained through microscopic observation 
thereof, the attained digital image is examined to detect defects^ while masking a region 
pre-registered in terms of coordinates^ or while masking a pattem meeting a pre-registered 
pattem, and an image of each of the defects thus detected is displayed. Further, each of the 
defects detected using the digital image attained through microscopic observation is checked 
to judge determine whether its feature meets a pre-registered feature or not. Defects having a 
feature that meets the pre-registered feature are so displayed that they can be tui - n e d/o ff 
turned on/off , or they are so displayed as to be distinguishable from the other defects. 
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FATTERN INSPBCTIGN METIHOD AND AFPARATU5 



BACIQGROUr© CF mE INVEl^ 
[RLeia of the Iitventlx^ 

Ibe ptresent Invention zelates to a method and agpparatus for 
fahciGatlng substrates havljog drcuit pattexns^ sucti as semixxnductor 
devices and liquid crystal display devdojes, and^ more particu larly^ to 
a technique ^Qf)j| inspecting substrate patterns inyi fabrication process. 



(^ scription of the Related 
Conventional optical or electron-beam pattern inspection 
apparatuses have been proposed in JP-A Nos. H5 (1993) - 258703, KL l (1999) 
- 160247, S61 (1986) - 278706, H7 (1995) - 5116, H2 (1990) - 146682, 
H9 (1997) - 312318, and H3 (1991) - 85742, for exarqple- 

fRefeixing to^FIG. 1^ there is sho»^j)an exarap^le [of a oonfiguratijonj 
of an electron-beam pattern inspection apparatu ^T^ viiich is) ^disclosed 
in JP-A No. H5 (1993) - 258703. In this oonve^ntional electron-beam pattern 
inspection apparatus, an electron beam 2 emitted from an electron source 
1 is deflected in the X direction by a deflector 3, and the electron 
J beam 2 thus deflecte d ^ a{]plied ™ object substrate 5 under test^ 

throu^ an objective lens 4. Siraultaneous^^ly, while a stage 6 is racFved 
continuously in the Y direction, secondary electrons 7 or the like produced 
fr om the dbject subetr^ate 5 are detected by a detector 8. Ihus, a detected 
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analog signal is output fxxi n the detecto r 8. Then, thrcuc^ an A/D 
oonverter 9, tte detected analog signal is ocnverted lixto a digital image. 
In an irvoge prooesso^r circuit 10, the digital iitage thus produced is 
ocnpaced witii a refere^noe digital image viilcTh is expected to be ide ntical 
tteceto. If any dlfl^renoe is found, the diffexenoe is judged to be 
a pattern defect ll^and^ location ttereof is detemdned. 

^^efecring to| FIG, 2^ there is ^bCKi^J^ an exan^^lB^^ a ocDnfiguration^ 
of an optical pattern inspection ap p arat -us^ vdiicii ig^ disclosed in JP-A 
No. mi (1999) - 16 0247. In this conventional ciptical inspection 
apparatus, a li^it becin emitted £ran a li^^ source 21 is applied to 
an object sdbstrate 5 under test through an objective lens 22, and lic^ 
reflected from liie object substrate 5 is detected by an ina^j& sensoor 

23. whiift a stage 6 is moved at a constant speed, detection of reflected 
liigM: Is repeated to produce a detected image 24. Ihe detecte^d image 
24 tims produced is stcTred into a memory 25. j^(Qi the menory 23^ the detected 
image 24 is oonpared with a previously memorjLzed reference insage 27^vdiicfa 
is espected to have a pattern Identical to that of the detected inege 

24. If the pattern of the detected ims^ is Idmtical to th^t of the 
reference Image 27, it is Judged that ther^ is no defect en the dbject 
substrate 5. If these patterns £u:e not identical to each other, a pattern 
defect 11 is recogni^zed^ and ^a)j(location thereof is detenidned . 'As an 
exanple, FIG. 3 shows a layout of a vsafer 31 corresponding to the object 
substrate 5. 

the wafer 31, there are fooied dioe 32 vii^^ are to be separated 
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eventually as indivLdual identical pEtoducbs* Die stage 6 is noved along 
a scanning line 33 to detect images in a stripe xegicn 34. In a situatim 
}fysce adetecticai posTtdm A 35 is currently taken, apattem image attained 
at the detection position A 35 is oonpared with a pattern image attained 
at a detection posi£^^ B 36 (referenoe pattern image 27), whicii has 
teen stored in tha memory 25. Thus, each pattern image is ocnpaar^ed with 
a xeCerenoe pattern image \diLch Is expected to te idmtical thereto. 
In this arrangeraent, the mtiiuty 25 has a storags capacity sufficient 
for retaining refermcje pattern image data to te used for ocn|£arlson, 
and the circuit structure of t±ie m e mory 25 is designed to peiXoun / 
drcular-shift m taucur y cperaticn. 

In the fbUoMing two exanples, a defect chejdc Is oondocted using 
a binary image of an object under test. In synchronization with pattern 
detection, a judgmexT^t is farmed on \*ieth^^ a pattern of the o^ect Is 
defective or rxjt whi^je Ignoring a possible defect in a particul^ar mask 
i^eglon. 

In JP-A No. S61 (1986 ) - 278706/ there is disclosed an exan^Oe 
of a tecimlgue jSg^ inspecting throug^i-holes cn a printed cdrorLt board. 
In this inspection technique, a printed circuit board hacving 
throu^-holes only in a non-inspection region thereof is prepared 
befor^iand, and an image of the printed circuit board is ta}{en prior 
to inspection. A binary image indicating the presence/absence of 
throucfti-hcOes is thiTs attained for maslcPng, and It is stared as im^e 
data In 1, masking data stcjrage. At the tine of inspection, if a cUffecenos 
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found in binary iraag^e ocnpaxlson . is lpca^^:ed art: a posltim inc£)i3ded in 
anosk regicn staced In tto nosking data stora^, tlie diJEferenoe is Ignored 
for non-inspection^ 

In JP-A No- H7 (1995) - 5116, theoce is discOosed an exanple of 
a techniquB for pcdn^jpd cizcuit board ins^^ction. In this inso^jection 
technique, a pattern is detected to provide binary image data, and using 
tiie binary inoge data, a Judgment is fanned on ^itetber the detected pattern 
is DoniEa or ncyt; epeoLfioally, it is checJoed^^ whetlieir the detected 

pattern meets any specified regular pattern or not. If not, the detected 
pattern is judged to be defective. 

— \ 

In the folXcwing two exanples, using pattjexn data, a dead zone 
is provided for the purpose of allcwing an error at a pattern boundary 
in inspection. 

In JP-A No. H2 (1990 ) - 146682, there is disclosed an exanple 
of an inspection tedsQ^x^ in vdiich a mask pattern is OGnpared with design 
data. Hirou^ calcuJLation of design da*a, a pattern is rediQped ty a 
predeterratned width to attain a redooed iinage^ and also the pat)tem is 
enlarged by a prede^ennined Tuldth to attain an enlarged ima^^. Ihen, 
a part cannon to tiie redooed image and the enlarged image is extracted 
to provide a dead zoa^e having a certain width. Ohus, \3sing the design 
data, a mask region is provided so that an error at a pattern boundary 
having a certain width will be ignored gi^inspection. 

In JP-A No. H9 (1997 ) - 312318, there is disclosed an exanple 
of a technique (oQ inspecting patterns vising a scanning electron microscope 
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(hexeinafter ref ecred to just as a ) • Itelng a ref erenc e linage 

acquired in advance, a vLdnal area of a pattern edge is set vp as a 
zegixn vtere no cxlticeil defect occurs^ since a' minuscule deviation of 
a pattern e^e is not r e gard ed as a defect. Ibus, an image of the region 
\4bexe no critical defect occurs is ignored . If any difference is found 
between the r ef e rence image and an image of a pattern under test^ ex eluding 
the region where no carltlcal defect occurs, the difference is Judged 
to he a.pattexn defect* 

In JP-A Ho. H3 (1991) - 85742, there is disclosed an exsnpla of 
a system for carrying out ccnpcccative inspection of printed circuit 
patterns. An iraa^ of a candidate ded^^^ct attained in ccxaparative 
inspection is s ta red in mennry. Ihen, not simultaneously with the 
ocnparatlve inspection, the we nn riTXvl image is examined to Judge whether 
a difference is actually a defect or not . 

On an object under t^st, there is an area vjhere a considerable 
difference is found in conparative inspection of patterns j even if the 
difference is not actually a defect. For exanpLe,. on an ion-in^^^planted 
region for fotmation of a transistor, a non-defective difference may 
be found in ccnparat^^ve inspection of patf^arns. Although a difference 
between a part ^«here ions have been inplan ted and a part \Aiere ions have 

the characteristics of wiring areas other than transistor element 
locations are not affected by the presence/absence of iiqpl anted ions. 
Therefore, in an ion inplantation process, rough masking is used to 
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detennine ^tece Ions are to be inplanted. However, in electjcon-tearo 
inspection of wiring areas, a ocnsiderahl^^e didEfecencje attritu^tahle to 
vtether inplanted icns are present or not may be detected, resulting 
in a wrong jucagpent Indicating that the difference represents a defect* 
Further, for exanple, in a power line layer where redundant wiring 
is||nEcl§, even if a part of Ji wiring is not ccxmected, circuit normEtLitY 
can be ensured by pro viding a connection at another point. ThexeCor e, 

in scne cases, rot^ patterning is (mde]]^far|^pc»«er wiring arrangenent, 

^ — \ 

so tiiat no-<xxinectl on pattern elements are left* In comparative 
inspection of detects images, a difference aLU.J hu tab1e to ^tihether a 
connection is pacovided or not may be found, resulting in a wrong Judgment 
indicating that tlie difference represents a defect. 

Still further, for exanple, on a pattern edge, a detected signal 
level varies dependin^g on the thickness/in^^ rli nation of a film thereof* 
Although 155 to a certain degree of variati^on in detected signal output 
may be ignored, a oonsicterable difference in detected signal output is 
UJcely to be taiken as a defect mlstaikenl y; A degree of fals^e defect 
detection is however applicable as an index representing product quality* 
It is degiTT^hlft to exaoQne the degree of false defect detection and preclude 
false defects before carrying out defect inspection. 

In the conventional optioal/electron-beam pattern inspection 

c?5)aratuses disclosed in JP-A Nos. H5 (1993) - 258703 and HI 1 (1999) 
- 160247, it is not allowed to set rqp a non-inspection region. 

In tiie inspection tec hnigoes disclosed in JP-A Nos, S61 (1986) 
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- 278706 and H7 (1995) - 5116, there Is prov Ided a non-lnspectlcn region. 
Hdwever, aaxocding to an exanple presented inJP-A No. S61 (1986) - 278706, 
it is required to specify a non-inspection region covering a very large 
area ty using a bit pattern. In aappUcatio^ n to ^9a£ec inspection, a wafer 
surface area 300 mn in dianeter has to be inspected using pixels eacii 

having a size of 0.1 \xa* Utis requires an inpcactlcally large nunber 

■ — ^ 

of pixels, i.e., seveli tjera-pdxels (seven terabits). Acxxxcdin_^g to the 
inspection technique disclosed in JP-A Mo. H7 (1995) - 5116, any areas 
other than regular pattern areas are treaf^ed as non-inspection regions. 
<^rvy^ very oonplex patterns are fanned on a wafer, a non-inspection region 
canno t be set vip Just by means of slnple pattern regularity. 

In tiiB inspection techniques disclosed in JP-A Nos, H2 (1990) 

- 146682 and H9 (1997 ) - 312318, the use of a non-inspection region is 
limited to a i)attem edge, and the r efore it is not .aUcmed to set tj) 
a non-inspection region act an arbitrary desired location. 

In tto inspection sys tem disclosed in JP-A No. H3 (1991) - 85742, 
inege data of a cancli^date defect is stared , and tiien detail in^^^pection 
is rvn-rii^ out using the stared image data to check \ghether a difference 
is actually a defect or not, Ihis eqpproac^ is applicable to injspection 
of oonplex pattern geometries. However, based on predetermined criteria, 
a Ju^nent is farmed on whether a difference is actually a defect or 
not. Any part may be Jixiged to be xKmnal if requirements bas^d on ^lej 
predetermined criteria are satisfied. Hiat is to say, once a part is 
judged to be normal, data regarding the part will be lost. 
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As described above, in the cxxiventional pattern inspection ' 
teciiniijues, it Is not aUowed far a user to set a non-inspection region 
effective for a dsvioe having a oocnpLex, lar^e pattern area to be inspected^ 
sudi as a wafer. Ftn^ther, in cases \*ere a oo n sidea r able difference is 
found in cotparative inspection of detected images even if the difference 
is not actually a defejrt:. it is liJoely to be ndsjtiaged that the di{/erenoe 
lepresoxts a defect. In arMitlnn to these disadvantages, the 
conventiGnal pattern inspection techniques are also unsatisfactory as 
regards stability in detection of ndnuscule defects. 

gOtWMCf OF TOE INVENTICN 

It is thef^frire an object of Uie pccesent invention to overocrae 
the above-mentioned disadvantages of the prior art by providing a pattern 
inspection netted and apparatus for enab ling a user to easiljy set vp 
a non-inspection region effective for a device having a ocraplex, large 
pattern area to be inspected. 

In acccncxllsdxing this object of the present iixveritixxi and 
according to one aspect thereof, there is provided a pattern inspection 
e^paratus sudi as shown in FIG. 4. While an esoaiplary oonfd^guratlon 
of an electron-beam pattern inspection apparatus is presented here, an 
optical pattern inspection apparatus can be configured in the same fashion 
in principle. TbB electron-beam pattern inspection apparatus shown in 
FIG. 4 ocnprises an electron source 1 for emitting an e . le <.:U:oii beam 2, 
a deflector 3 for deflecting the electron beam 2, an objective lens 4 
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41 



far converging the electron beam 2 onto an object substrate 5 under test, . 
a stage 6 far holding the object substrate 5 and for scannlng/posi^tljanlng 
ti» object sctostrate 5,|^a detector 8 far detecting secondary electrons 
7 or ti» like produoe^d from tto object sii^strate 5 to output a detected 
analog signalQ. Si A/D converter 9 ^tr converting) / tiie detected ancOog 
signal into a digital image, j( an Inoge processor circuit 10 (ii ^diic£)^the 
converted digital image oonpared) with a reference digital image 

expected to be identical theooeto andj^a difference found in coaparlson 
^ indLcated^ as a candidate defect 4oQ, A candidate defect meno^ry part 
J|fdr stoocing featiTje quantity data of each ca ndidat e defect 40^ such 
as coordinate data, projection Xengtii data and shape data, Aamask setting 
part 44 [in ^shich] pattejm defects 11 stored in the candidate def e<^t memory 
part 41 \wQ, exandnedj and^a candidate defect located in a mas^ region 
42 (shDwn in FIG. Sj^prespeclfled with coordinates^ ^ flagged) as a masked 
defect 43 (shewn in FIG, 5]Q and)t^Ai operat^])lon display 45|Cn which data 
of pattern defects 11 received from the mask setting part 44 is dis played, 
an image of a selected pattern defect 11 is displayed, and the mask region 
42 is displayed or edited. 

The following describes] operations in the electron-beam pattern 
inspection apparatus k configured as mentio^ned above. Referring new to 
FIG. 5, the mask region 42 (is)^desGi:lbedj^^eljC5^. 

Oi the object substceQte 5, there is an area vdiere a co n side ra bl e 
difference is found in conparative inspection of patterns^ even if the 
difference is not actually a defect, such as a region 50 viiere ions have 
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been inplanted. In ^ ptcactLoe [af^lm inpl^ntetljon, Iots are IdJoely to 
be Jnplanted In a derviated fashion. I.e., a deviated ion-inplanted part 
52 Is fomBd ^esid^ ^ nomca icn-iinpl anted pattern parts 51. Bie deviated 
icn-inplanted part 52 has no adverse effecjt on device characte^^istics, 
i.e., the deviated ion-infOanted part 52 shcxald be judged to be 
ncxi-defeotive. Hcw^vex, the deviated ion-inplanted part 52 is detected 
as a pctttem defect 11 . miereCarB, an area including the ion-inTpl a n ted 
region 50 is set up as a mask region 42, and a possible defect in the 
nask region 42 is treated as a nasked defect 43. Since the sane die 
pattem is famed rei^titively cn the waf^r 31 ^xmn in FIG. 3, on-die 
coordinates are used in region reoogniti^on. Parts having the sane 
coordinates on <=»-Ffe ii=tf i i- dice are regarded as identical, and if on-die 
coordinates of a part are indnded in a specified region, it is regarded 
that the part is inaQided in the specifi^3* region. For the wafer 31, 
beam shots are also characterized by repetitiveness besides dice. Each 
shot is a unit of beam ea^xjsure in a pattern exposure system used for 
saidconauctar device fetoricaticn. For identifying seme kinds of false 
defects to be preclad^^ed in pattem inspec^^^^4on, the use of shots may be 
rooce suitable than that of dice with respect to pattem repetitiveness. 
Although the following description handles dice, it will be otosCious to 
those skilled in the art that shots are appLLcabJe in lieu of dice and 
that ^jereyiiBty be prov^dsd^an arrangemKitJ for allowing a changeover between 
shots and dice. 

Operations in the electron-beam pattem inspection apparatus 
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eooctixLlDg to the pre^^^t invention i n clucle a conditioning opera\ixxi in 
vthicii the nesk region 42 is defined and an inspection operation in viiich 
ar^ candidate defect 40 detected in otii£r than the mask regCjpa 42 is 
Judged to be a pattern defect. 

In the conditioning operation, the mask region 42 is clea re d, 
the electron beam 2 emitted from tJie elec^^^xn souDoe 1 is deflected in 
-UiB X direction ty the deflectotr 3, arid the electron beam 2 thus deflected 
is eippajj&a to the ctoject substrate 5 thr^wcfi tl» objective lens 4. 
Simultaneously, \Aiile the stage 6 is moved continuously in the Y dir ection, 
secondary electrons 7 oar tl» like produced . from tlie object substrate 
5 are detected by the detector 8. Otaus, a detected analog signal is 
output from tl» detector 8, Ihen, thrc«^ the A/D donverter 9, the 
detected analog signa^l is converted into a digital image. In the image 
processor circuit 10, the digital image thus produced is oonpared with 
a reference digital image v*iich is expected to be identical thereto. 
If any difference is found in ocrparison, the differencse is i ndicat ed 
as a candiderte defect 40. Feature quantity data of each candidature defect 
40^ such as coordinate data, projection length data and shape data (image 
data)^ is stored into the candidate defect memory part 41. In the mask 
setting part 44, pattern defects 11 are set using feature quantjLty data 
of respective candi^date defects 40. The pattern defects 11 are 
si5)erinposed on an image of the object substrate 5, and the resultant 
iirage is presented on a map display part 55 of an operation 61^jpilsY 45 
(screen) /y^ shown in FIG, 6. The user can select any one of the pattern 
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defects 11 (iiKauaiiT^ true defects 57 and false defects 58 not to be 
detected in FIG. 6) on the mop display pa^t 55 of the operation di^Hay 
45. An iirage of a pattern defect 11 selected on the inap dls^^^ part 
55 Is presented on an inege disgpLay part 56 of tiie operation display 
45. By checkliig the image of each of the pattern defects 11 on the image 
display part 56, the user c1ass1f1ifts the pattern defects 11 into tnje 
defects 57 and false defects 58 not to be detected. The results of this 
classification are iiKtLcated as particular syntxals on tlie map di^Oay 
part 55. 

After oCTipletion of the defect dasslfica^^icxi mentioned above, 
the user selects an opesratlon display screen shewn in FIG. 7, \idx±x 
oonprlses a display part 55 for presenting an enlarged map Including 
true defects 57, false defects 58 not to be detected and a c«rrait position 
Indicator 59, and an Image display part 56 fdar presenting an Image 
cxarxespondlng to the current position indicator 59. Qti the map d li^lay 
part 55, the user can specify a mask region 42 and dhecK a position of 
each pattern defect 11. With reference to dasslfixsatlon info^rmatlon 
on eacii pattern defect U and tlie image corresponding to the cxirrent 
position indicator 59, the user sets up coordinates of a ma^k region 
42 so that the false defects 58 will not be detected. As required, the 
user carries out the conditioning operation again to set \jp the oooi^^dinates 
of the mask region 42 more accurately. 

In the inspection operation, the electron beam 2 emitted fron 
the electron source 1 is deflected in the X direction ty the deflector 
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3, and tte elBctron beam 2 ttojs deflected is applijed to the object si±)strate 
5 throu^ the objective lens 4. Sdnultan^^eously, %«hlle tJie stage 6 is 
noved continuously in the Y direction, secondary electrons 7 or the lite 
produced fran the cbjject substrate 5 are detected by the detector 8. 
rOius, a detected analog signal is output from the detector 8 . Oten, 
ttaou^ the A/D converter ?. the detected analog signal is converted 
into a digital image . In tlie inege prooe^^ssar ciraiit 10, the digital 
inege thus produced is ocnpared with a reference digital image 
is e}q)ected to be identical thereto. If any m±fejoeaaoe Is found in 
oonparison, the difference is indicated as acandidate defect 40, Feature 
quantity data of each candidate defect 40^ such as coordinate data, 
projection length data and shape data (image data)^ is stared into the 
candidate defect meni cry part 41 . Ihe f e ature quantity data of each 
candidate defect 40 is exandned to jutSge whether thB candidate defect 
40 is located in the specified mask region 42 oar not. If it is detemdned 
that the candidate defect 40 is not located in the specified mask: regixn 
42, the candidate defect 40 is defined as a pattern defect 11. Ihen, 
the pattern defect 11 is si5)eciinposed on an image of the object substrate 
5, and the resultant image is presented on the map display part 55 . Eve n 
if the candidate defect 40 is not defined as a pattern defect 11, the 
feature quantity data thereof is retaine^d so that it can be displayed 
again. Hiis nekes it possible for the user to avoid foordng a vaxng 
judgnent that a considerable non-defective differeiKJe is a defect. 

In the aibcve-mention^^ d arrangement of the present invention, the 
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nBsk setting part 44 is vsed for detezndning a false defeat not to be 
detected. Khile cxxTrdinates are used in tbe mask setting part 44 as 
exEnplified above, any other pattern data etc feature quantity data of 
each candidate defect iin^e is also agplig^abJe far idmtifiratl^cn* On 
a pattern edge, a de gree of variation in detected signal out put does 
not depend on ooardin"^ates, and therefore pattern-edge feature quantity 
data is used for identification instead of coordinate data. 

Furttex-, ^«hile masking is made for non-inspection of candidate 
defects^ as eaenplified above, another inspection roeans^ or a metiiod of 
inspection based on another criterion^ is also ap p lica ble to exa ral n atlon 
of an area oorrespond^ing to a mask region. In this case, aooorjding to 
conditions specified try the user after inspection, a defect judgnait 
can be farmed again regarding candidate defects 40 stared in the ca ndida te 
defect menory part 41. 

As described above ^ and according to the present invention, the 
user can set up a non -inspection region effective . for a deviq^e having 
a conplex, large pattjem area to be inspec^^ed^such as a v^er. Further, 
in cases v*kere a considexable difference is found in ocnpa rative 
inspection of detected images ^ even if the difference is not actually 
a defect, the present invention makes it possible to avoid fal^e defect 
detection \Aiile carrying out detection of minuscule defents. 

These and other object^s, features and advantages of the invention 
will be apparait fr^m the following more particular descriptQ;l<3n of 
preferred enixxliments of the inventi<;j^n, as illustrated in the 
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aoocnpany±ng drawings. 



ERUF EESCRIPnCK OF IHE VPimS^ 

FIG. 1 is 1^ £rcait view stowing]) a sctianatlc^ gonfiguratlGn) of a 
^ ^^ l v ^= *n t^^^»^'^ electron-beam pattern inspection dgpparatus; 

FIG. 2 isQi front view stowing) a sciiematic ^^caiiguratLd^ of a 
^yymv ^ t^rwi'i optical jiattem inspection apparatus; 

FIG* 3 is a plan view stowing a layout o£ a wafer; 

FIG. 4 is a)^^ont view^of an electrcn-b^|[3™ pattern inspecticT^n 
apparatus, stowing an anangement of first protoGLem- solving means 
aocx3rx 31 iKr to the presCTt invention; . ft ^ 

FIG. 5 is a^plan view ^xr eJ5>lainlng) f\ operation of t±ie first 
problera- solving means according to the present invention; . 

FIG. 6 is [an ea^Oana toryJ[\ diagram ^KMing (a)jlayout of a defec^t 
check scxeen; ji 

FIG. 7 is ^ ea^Jlanato r^jjdiagram stowing (a^acj^otct of a masOc region 
setting screen; i I 

FIG. 8 is affront viewystowing ^i^ponfiguratlon of an electron-beam 
pattern inspection apparatus in a first preferred eirbodiraent of the 
present invention; 

FIG. 9 is a diagram sto wing a startup scxem in the first preferred 
entxxllment of the present invoation; 

FIG. 10 is a diagram showing a contrast adjustm^t scxeen for 
recipe creation in the first preferred entxdiment of tte present 
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inventijon; 

FIG. 11 is a diagram showing a txial inspe^Vtlm Initial scxeen 
far recipe creation in the first preferred ef±odinient of the present 
invention; 

FIG. 12 is a pian vLew of a wafer, showing a scanning segusnce 
in the first preferred eniDodiment of the present invention; 

FIG. 13 is a dls^rsro showing a trial inspec^l^^on defect check screen 
far recipe creation in the first preferred enfcodlmait of the present 
invention; 

FIG. 14 is a diagram showii^ a mask regi on setting screen far 
recipe creation in the first preferred enbodiment of the pcesacxt 
invention; 

FIG. 15 is a diagram showing an in^DectioT^n defect check screen 
in the first preferred entxxUment of the present invention; 

FIG. 16 is e^^xnt view^showing (e^configurati^^^pn of an electrcn-beam 
pattern inspection apparatus in a second preferred ernbodimaj^t of the 
]aresent invention; 

FIG. 17 is a diagram showing an image proc3ssing region setting 
screro far recipe creation in the second preferred ertxxJim^it of the 
present invCTtion; k ai 

FIG. 18 is a ^p j at view) showing^ ^lyxxrf igurati^cn of an electron-beam 
pattern inspection apparatus in a third preferred enixxiiment of the 
preset invention; 

FIG. 19 is a diagram showing a defect check screen for recipe 
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creation in the thlxMi preferred cniDodiire^t of the paoesent inventim; 
and 

FIG. 20 Is a diagram showii^ an inoge prooe^^slng feature quantify 
data setup screen far recipe creation in the third preferred eniaodlraent 
of the present lnvartion. • 

pPTOTTign EESCRIPTrCN CF THE PREFHIRED EMBCDIMEWIS 
Ite present Invention will now be descxit/^ed in detail ty way of 
exanple with reference to the aocxnpanying drawing. 

Entx)dlinent 1: 

file following descrlhes] ^ first preferred entxxiiinant of the 
pres^ Inventloty Referring to) FIG. 6£ there is showi ajjioonfigiOratlxDn 



of an electrcai-teara pattern Inspection apparatus y (in) the first preferred 
a±odiinent of the present invention. Tlie electron-beam pattern 

inspection sra)aratus ocnprlses an electron optical system [l(^v including^ ^ 
an elfictrtHi source 1 for endttii^ an elecjtaxn beam an elect^ron gun 

in \*djc*i the elec tron beam 2 from the electrcn source 1 is extracted 
and accelerated by an electrode to produce a virtual electron source 
fiOl\ at a predetermined point throucfi an electrostatic or magnetic field 
superinposing len^*^ a condenser lens ^03)/ for converging the electron 
bean 2 £ran the virtual electron source (loi) at a predetenidr^ convergence 
pointQ3^ a bOariking plate ^04jj^ which is equipped in the vicinil^y of the 
convergence point of the electron beam 2 for turning cn/off the electron 
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bean aQ'^a dedector 105 fotr deflecting the electron beam 2 in the X and 
y dlxectlcn^ * and an objective lais 4 far converging the electron beam 
2 onto an object substrate ^ 'BUrther, the electron-beam pattern 

inspection e^parectus oonprises a specimen ciianber 107 in \diicix the cto ject 
substrate (^s) (wafer 31) is held inj^vaaMiQ a stage 6 vdiexe the wafer 31 
is mounted and|^a retarding voltage ' 108 is applied for enabling detection 
of an image at an arbitrary positioiQ* ja detecTtor 8 for detecting secondary 
electrons 7 on: the like produced from the object siiastrate j^sjto output 
a detected analog signalQ, An A/D converter 9^fdr converting the detected 
analog signal Into a digital im^. a mBmoa:y 109 for storing digital 
inoge dcEta, ^an image processor circuit 10 ^ whicfijjthe converted digital 
Inage (is ocnpared) with a reference digit^al image stared in the memory 
109 andjja difference found in oonparison [is IndicatedJ as a candidate 
defect 4cQ. i& candidate defect memory part 41J[fe3Er staring) feature quantity 
data of eadi candidate defect 40 j such as ooardinate data, projection 
length data and shape data, la gmeral oonO^ol part 110 1 in vdii<:iij(^tire7 
a ap a ratus control is conciucted, / feature quantity data of each pattern 
defect 11 ^j^)reoeived from the candidate defect memory part 4lQ, ^ mask 
region 42 (shown in FIG. 5) is set as region data, and a candidate defect 
located in the nesk region 42 is flagged as a masked defect 43 (shewn 
in FIG. 5) (control lines from the gmeral contool part 110 are not ^xmcl 
in FIG. 8)£^ and^&i operation display 45^cn \fdiich 'data of pattern defects 
11 is displayed, an image of a selected pattern defect 11 is displayed, 
and the nask zegijcn 42 Is displayecl or edited. "T Still furt her, the 
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electxon-team pattexn inspectijoa aBpar a tus ocnprises a keyboard 
a mouse and a knob|l22j (not shown) for operation and cent rplQj a Z 

sensor 113 for measurjii^ the heicfit level of each wafer 31 to maintain 
a focal point of a detected digital image throu^ oontrol of a current 
applied to the ctojectjLve lens by adding an offset UsQja loadear [lie] (not 
£teMn) for loadii^ the wafer 31 fron its cassette 114 to the specimen 
chanber 107 and/ unlo adlng the wafer 31 f ran the specimen cha nter 107 
to the cassette 11^^ an orientation flat detector [ilT^ (not shown) for 
positicning the wafer 31 aocdrding to the drconferential shape of the 
wafer an optical ; microscope 118 for alio wing dbservatixxi of a pattern 

en tlie wafer 31^^ and a standard spedmen 119^ whicti Is set on the stage 
6. 

Operations in the ftr^jt preferred entxjdiineri^tjme described belcwrT) 
^iLchJ IndodB a oonditlODing cperation ^ in whicii a mask region 42 is set 
vqp^and an inspection operation ^ in whicii any candidate defect 40 detected 
in other than the nask region 42 is examined as a pattern defect. 

In the conditioning cp ecation, a \3ser opens a starttp screen shown 
in FIG. 9 on the operation display 45. Qa a slot selectio n part 130 
of the startup screen, the user selects a code raxriber of a slot where 
the wafer 31 to be ins^pected is contained. Then, on a recipe selection 
part 131, the \iser spejiifies a product type of the wafer 31 and a process 
step thereof, and the user presses a reci^pe creation start button 132 
for starting the conditioning operation. The oonditioning operation 
include^ contrast setting fear the electro^ optical system [io^, pattern 
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layout setting for the wafer 31, pattern positioning alignment for the 
v«afer 31, calibration in which a signal lev el of the v«fer 31 is checJced 
at a position where the signal Xervel is Indicated accurately, inspection 
oonditicn settliKf, mask region setting, and^ setup co n dition chedc In 



trial inspection. ^ scribed below arg the contrast setting, mask region 
setting, and trial inspection, vdiich form essential parts of the present 

Inventioi^ ^ 

Bie general ocntrol part 110 powldBS opea^^ational instructions 
to eadi part in the following manner* 

First, the general control part 110 Issues an operational 
Instruction to the loader (not Btiom) so that the loader (ll6)taikes 

the wafer 31 out of the cassette 114. Then, through the xase of Hie 
orientation flat detector (Llt) (not shONn), tiie drcanferentlal shape 
of the wafer 31 is checSoed, and the \raf^r 31 is positioned according 
to the result of this check. The wafer 31 is then mounted on the stage 
6, and the specdmen chanter 107 is evacuated.' Sdmiataneously, the 
electron optical system (ioeAand the retardli^ voltage 108 are conditioned. 
A voltage is eqfplied to the blanking plate {l04)j^to turn off the electron 
beern 2. The stage 6 is moved so that the standard specimen 119 can be 
ineged, and an outpiPj: of the Z smsor 113 is made effective. While a 
focal point of the electron beam 2 fron the electron optical system jioej 
is nalntalned at a position oarrespondlng to "a value detected ty the 
Z sensor 113 + an offset 112" , raster scanning Is performed by the deflector 
105. In synchronization with this raster scanning, the voltage applied 
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to the blarifcing plate (lO^^ls turned off so that tbe wafer 31 is irradiated 



with the electrcn beam 2 as xequliBa, Backscattesced elecrtrons or 
secondary electrons prodooed £rcm the wafer 31 are detected ty detector 

8, whicli then outputs adetected analog signaJL. Uircw^ the A/D converter 

9, the detected esaa^yg signal is oonver^^^ed into a digital image. By 
charging offset 112, a phirallty of digital images are detected, 
and in the general control part 110, an cptQim offset (ll^ for ma3(^raizlng 
the sun of inage dl£f^^^peirtial values is determined. The cptinun offset 
^iij thus determined is set vqp as the current offset value . 

After the cptiman off set jlllj is es tablish ^ d, the output of the 
Z sensor 113 is nate ineffectLve ^ and a screen transition is made to ^')^^ 
contrast adjustmart screen shown in FIG/ 10. The contrast ad:Qjstment 
screen conptrises: a map display part 55^ having a map di^ilay area, a 
button for oontrolJd^yjg display of the entire ^f^ifer or die map, and a 
mouse operation cxronand button 140 for controlling position movement 
or item selection ty the use of the mouse (i2l) (iiot dbcMa)j an imacfe di^^xLay 
pEort 56^having an in&ge display area and an image changeover tutton 141 

(iPs ^ 

for setting an image magnification, V selecting an optical raiCTograp^h image 
attained throu^ the optical microscope 118 or a SEH image attained thrcugjh 
the electron optical system )10^, and i^speci fying a kind of image; a recipe 
creation item selection button 142; a recipe creation end button 133; 
and a recipe save but ton 134. On the cent rast adjustment sere en, the 
laser sets the m^use operation ooraiand button 140 to a moverae^nt mode, 
and perfarnB mcvement on the map by clicking the mouse [l2l) to view an 
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Jirage at tte current position cn the iin^ display part. Olien, the user 
agslgng an ad justmen^t item of the elect^^^sn cpticsal system (lo ej to tte 
tabb and adjust^s eacfa part of the electrai optical syst£^m (l06j to 

attain prcper contrast. 

Ite recipe cxeatlxxi end button 133 is used for temdnating redjgTe 
creatLaQyUie recipe save button 134 is used for saving recipe condition 
datsQ^and the recipe creation item selection button 142 is used for setting 
another condition and issuing an instruction for screen tra n si t io n . 
Ihese buttons are available on all;(the screms. To open atrial ins^pection 
^Tl^^-^a^ screen shown in FIG. 11, the user sets the recipe creation item 
selection button 142 to a trial inspection item. 

Ite tri^^i inspecrtlon ln^^"^J^^ screen ocnpri^ses a map display part 
55, a recipe creation end button 133, a re^^pe save button 134, a recipe 
creation itan selection button 142, an inspection start button 143, and 
an inspection end but ton 144. The user set^s the mouse operation ocmmand 
button 140 to a select ion mode. Ohen, by clicking a die on the mop di^Oay 
part 55, the user can select/deselect the die for trial inspectixxi . Eacii 



die can thus be selec^ted for trial inspection. After selecting any die 
for ^jaiT^ji inspection, tiie \3ser presses the inspection start button 143 
to start trial inspecQdon. Wtei trial inspection is started, the stage 
6 is drivOT fcr moven(]ent to a scanning stajrt position of the region to 
be inspected on the wafer 31 mounted th£^?eon. A pre-measured offset 
value inherit in the wafer 31 is added to the offset 112, and the Z 
sensor 113 is ms^ effective. Then, alon^ the scanning line 33 ^xjwn 
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In FIG. 3, tte stage 6 Is scanned in the Y directlm. m synctacnizaticn 
j^th this st^ scanning, ttie deflectar 105 Is scanned In the X dlr ectlon. 
During a period of effective scanning, a voltage to the Marikln^g plate 
g04)jils turned off to let tl» electron beam 2 fall on the vrafer 31 for 
scanning the surface ttexeof. BacScscattered electrons or secondary 
electrons produced from the wafer 31 are detected by the detector 8, 
and through the A/D converter 9, a digita^l image of tte stripe regixxi 
34 is attained. Ito digital Image thus attained is stared into the memory 
109. After ccnplet^on of tte scanning operation of the stag e 6, the 
Z sensor 113 is nade Ineffective. Ote entire region of interest can 
be inspected by rep^^^ting stage scanni^ . In cases Titere the entire 
surface of the wafer 31 is inspected, ^scanning sequence shewn in FIG. 

Whai tte detection position A 35 is ^iken)j| in tte image processor 
circuit 10. an image attained at tte detection position A 35 is ocnpared 
with an image attaiiQed at tte detection position B 36. wWxii has bem 
stared in tte mennry 109. If any dlffei^enoe is found in/ocmparison. 
the difference is extracted as a candidate defect 40 to prepare a list 
of pattern defects 11. Ote list of patt em defects 11 thus prepared 
is smt to tte graeraJL control part 110. In the general oontr^ol part 
110, feature quantify data of each pattern defect 11 is tak^n out of 
the candidate defect mernry part 41, A pattern defect 11 located in 
tte nesk region 42. which has been registered in a recipe. is flacked 
as a ireisked defect 43 (feature quantity data thereof is flagged) . After 
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cxnpaetLon of lBspecQ;ion of tbe entire reg^Hi of lixterest, tlie user opens 
a trial Inspection defect check screen shoMti In FIG. 13. 

Ttoe trial Inspection defect ciieck screen ocra prises a defect dl^>lajr 
editing part 150 for displaying feature quantity data of defects and 
editing ttereof , a map display part 55 In \idilcii a oirrent 

position IndLcator 59 Iriaioatlng tiie current position and dass code 
svntxxlB of pattern defects 11 are displa^yed on a laycut of the ^er 
31, an Inoge dis play part 56 In \dxLcfa an ^laaqja taken act the cmxent positlcn 
Is displayed, a display changeover button 151 for turning on/off masked 
defects 43, and otiiTr buttons ^shiai have already beoi described. Hie 
user sets the nouse operation oonnand butt^on 140 to the selecti^on mode, 
and tlMi clicks any pattern defect 11 Indicated on the map display part 
55. Ihus, an image of the pattern defect 11 is presented on the image 
display part 56, and feature quantity data thereof is presented on the 
defect displBy editQig part 150. On the defect dis^Oay editQng part 
150, the pattern defect 11 Is sid^jected to classification aooordlng to 
the iirege and feature quantity data thereof, i.e., a dass code is assigned 
to the feature quantjLty data of the pattejm defect 11. At this step, 
if it is desitQed to treat tiie pattern dedQect 11 as a masked defect, a 
particular r.ia<^<s code is assigned thereto. Bnis, it can be identifi e d 
as a masJoed defect on tl» map display part 55. After ocn p letlon of the 
defect classification , the user maikes a txansQltion to a mask reglxxi setting 
screen shown in FIG. 14^by xising the recipe creation item selection button, 
or the laser returns to the trial inspectlxJ^n Initial screen by pressing 
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tte Inspection end button. 

Ite nesk region settling screen ocnpclses a map display part 55 
in ^thicii a currmt position indicator 59 indicating the current position^ 
oiagg code syr*x>ls of pattern defects uQand a mask region 42 are displayed 
on a layout of the wafer 3^jan image disp lay part 56 in ^diiob an image 
taken at the current position is displayed^^j a display changeover button 
151 for turning on/oj£f masked defects 43Qja new region button 160 for 
creating a new mask region^J^ a ocnpletion button 161 for indi catling the 
end of cxeaticn of a new mask region^^ and oth er buttons vdiich have already 
described. Note tha t the map display par t 55 presents the ent.ire die 
region. The current position indicator 59 and pattern defeq^ts 11 in 
the entire rHe regimen are indicated in representation of cn-die 
coordinates. 

Ote user sets the mouse operation oonmand button 140 to the mcTvement 
mode, and then clicks in the vicinity of a class code of any defect to 
be masked for making iiioveroa i t thereto. Hius, an image of the defect 
to be masked is presented on the image display part 56. If the user 
judges that a mask region should be form ed, the user presses the new 
creation button 160 to select a region creation mode. In this mode, 
the user defines a mask region by clicking at the rqpper left comer and 
the lower rig^ earner thereof on the image display part. The mask region 
thus defined (mask region 42) is indicated on the map display part 55. 
After creating the mask region^ as maitio^ned above, the user can turn 
cxiio£t masked defects 43 by pressing the display changeover button 151 



-26- 



to ocxxflim tiie location of the defect to be masked. Whai the mask regim 
42 Is set Jjp as required, the user presses the recipe Scive tuttcn 134 
for savii^ data of the mask region 42 In a recipe. 

After saving the data of the mask region 42, the user presse^s 
the ocnpletlon button 161 to return to ti» trial inspectlm defect check 
Further, on the trial inspection defect ciieck screen, the user 



presses the Inspectlo^n racl button 144 to return to the trial Inspectlm 
initial screen. Ihen , it Is also ^lowB§)Ji f or the user to select another 
die for trial lnsp(^ctlon. For confirming and tecndnatli^ the 
abowe-fDentioned recipe creation session, the user presses the recipe 
creation end button 133. Upon conpletlxQn of the recipe creat^lon, the 
wafer 31 is unloEfcdBd back to the cassette 114. 



Ohe following (^scri besj)the Inspection operation in vdilch any 
csandldate defect detected In other than the mask region is examined as 
a pattern defect. In the inspection operat^ion, the user opens the starti?) 
screen shown in FIG. 9 on tto operation display 45. Cta the slot selecticn 
part 130 of the start screen, the user selects a code muter of a slot 
^diere the wafer 31 to be inspected Is ocnt^^^lned. ah«i, on the recipe 
selection part 131, the user specifies a product type of the wafer 31 
and a process step thereof, and the user presses gn); inspect!^ on start 
button 330 for startling tte inspection operation. After wafer loading, 
aligrmait and calibration are^^iad^ inspection processing is carried 
out. Ihen, defect checdc and defect data output are performed, and wafer 
unloading is^jnade)^at the md of inspecti^cn. (Described below ar^ Ihe 
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Inspectlcn parooessing and defect check, MihiA farm essential parts of 
thB p(cesent inventdjcx^. 

Wlm the \3ser presses the in^^jection start button 330 to Indlcat^e 
the start of inspectoral, the stage 6 is dri ven far i iu vtaifcaiL to a scanning 
start position otf the region to be Inspe cted on the \^er 31 mounted 
thereon. A pre-neasu^red otffset value inh^jpent in the mfer 31 is added 
to the offset 112, and the Z sensor 113 is made effective. Iben, along 
the scannii^ line 33 shoiMn in FIG. 3, the stage 6 Is scanned in the Y 
direction. In synchronization [bf^ this stage scanniiKi, the deflectar 
105 is scanned in the X direction. During a period of effective scanning, 
a voltage to the blanking plate ^OAJyis turned off to let the electron 
besni 2 -Fan on the wafer 31 for scannii^ the surface thereof. 
Backscattered electrons or secondary elec^trons produced from the ^^er 
31 are detected by the detector 8, and thixugh the A/D converter 9, a 
digital inoge of the stripe region 34 is attained. Ihe digita^l image 
thus attained is stored into the memory 109. After ccnpletio^n of the 
scanning operation of Ite stage 6, the Z sensor 113 is made ineffective. 
The entire region of interest can be inspecte^d by repeating stage scanning. 
In cases vihere the entire surface of the wafer 31 is inspected, the scanning 
sequence shown in FIG. 12 isj^^ike^. . 

When the detection po sition A 35 is {taken)j^ in the image processor 
circuit 10, an image attained at the detection position A 35 is conpared 
with an image attali{3cl at the detection position B 36, whicJi has been 
stared in the maiory 109. If any differ^enoe is found in ocmpariscn. 
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the dlfferaioe Is ext^r^ as a candidate defect 40 to prepare a list 
of pattern defects 11. Hxt list of patt^^ defects 11 thus prepared 
Is sent to the genedjJL control part 110. In the gmeral oontr^ol part 
110, feature quantilQy data of each pattern defect 11 is tate^n cut of 
tte candidate defect mennry part 41. A pattern defect 11 located In 
the nask region 42, which has been registered in a recipe, is flagged 
as a nasked defect 43 (feature quantity dacTa thereof is fledged) . After 
conpLetion of in^)ection of the CTtire region of interest, [an)^inspection 
defect aieck screen eOxmi in FIG. 15 is opened. 

•Hie inspection defecjt dieck screen oonprjises a defect display 
editing part 150 fctr displaying feature quantity data of defects and 
editing classification thereof, a map display part 55 in \«hich a current 
position indlcatar 59 indicating the current position and class code 
syittools of pattern defects 11 are displ^jyed on a layout of the ^^er 
31, an inege disjplay part 56 in ^thicti an iina^^ taken at tlie current position 
Is dlfplayed, a display changeover Iwtton 151 for turning on/off nasked 
defects 43, and an Inspection CTd button 144 for indicatiz^ the end of 
inspection. 

Tte user sets t3» mouse operation ocranaqT^d button 140 to the 
selection made, and thai cJirte any pattei(^n defect 11 indicated on the 
HEP display part 55. Ohus, an image of the pattern defect 11 is presented 
on the image displey part 56, and feature quan tity data thereof is presOTted 
on the defect display editing part 150. On the defect display editing 
part 150, the perttexn defect 11 is subjected to classification aooordlng 
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to the iitege and featjmce quantity data thereof, i.e., a class code Is 
assigned to the featu^ quantity data of the patteaii defect 11. Using 
the display ctengeovex button 151, the user can turn on/off maskBd defects 
43 to check for any pattern dedEect in the mask region 41. To texndnate 
the inspection defect cbeck session mentioned above, the user presses 
the inspection end button 144. Each classified pattern defect 11 and . 
feature quantity data thereof are stared into menory means (not shewn) 
in the general oontrtPl part 110, and also delivered to external roennry 
means (not shown) tlxrougji a oonnunication line (not ^xmn) or to other 
inspection/obeecvatlon moans (not shewn) . Ohen, control is returned 

to tl» initial screen. 

According to one aspect of the first prefe^rred entodiment, the 
entire surface of eacii wafer can be inspected using a SQl image thereof 
without regard to pat^jem defects in the noslc region 42, i.e., true pattern 
defects 57 joayjjcan be inclicated to the user for easy identification 
thereof. 

Further, acxxxrding to another aspect of the first preferred 
eniDodiment, it is also ^llowedjj to displa^y masked defects in the mask 
region 42. Itexefoce , in cases vdiere rou^h patterning is (rnadi^ ^ to form 
a redundant powea: wir ing latyer, \a^jdegree of rousfmess in patter ning can 



be examined by turning on/off the masked defects. 

Still further, acxxard ing to another aspect of the first preferred 
ertxxLiinait, the mask region 42 can be set so as to mask false defects 
which have been ident^^fied under actual inspection oonditixDns. It is 
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thecDefare possible far the user to define proper inasJclng. 

FurtheuTore, aooardlng to another aspect of the first prefern^^d 
enixidiment, a different nesk region 42 can be created additionally. 
Ilierefore, in cases vtere masking has been defined using an object 
containing a anall degree of zandcm vari^aticn, the user can set a 
new mask region additionally for providing proper masking as required. 

In a first mDdifled fom of the first preferred enbodiment, mask 
region management may be inplemented in a pa^t of image processing f imction 
hardware ^ instead of using the general control part that is a computer 
system. In this modified axzangEment, \^m^ essentially > sama 

functionality is pro vided. Since tte num ber of detectable def ects is 
limited in teems of output capacity, this limitation can be removed by 
usir^ image processing function hardMore for mask region management. 

In a second modified fb rm of the first prefeoQed entoodiment, plural 
kinds of mask regions may be set viiUe only one kind of mask region 
has been treated in the forgoing desoTiption. In this modified 
arrangement, false defects due to plural kinds of causes can be classified 
for defect data mana^gement . By turning on/off indications of false 
defects aooording to each kind of cause, the user can check ooq^ditions 
thereof. OSius, it is possible for tlie user to preclude only rainiman 
false defects for carrying out proper inspection. 

In a third modified form of the first preferred ertodiinent, a 
mask region on the mask region setting scxeai may be automatically defined 
as a rectangular regi^on having a size app^jpodmately two times as large 
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as the projectlm length of any false defect not to be detec^ted. By 
merging nei^Aorlng mask regions, a mask region is detemdned using data 
of pattern defects classified withcxit intervention of tl» iiser. In this 
nodifled arrangenent, a mask region can be generated precisel y throwgji 
autat Qti o operation* For example, masfcPng at hundreds i paints can be 
provided autarectically so as to allow ^ easy iden tifl c ation. As a further 
modified form of tills nDdiflcation, liiere may be provdded ^sacii) an 
arrangenent (tiiae)ji an au tanatioally detemdned mask region can be r^^efined 
or edited. 

In a foortli irodified fonn of "the first pre^ferred entxsdiment, a 
nask region raery be determined using design data in inspection of rou^ 
patterning fcr power wiring, ion inplant^ation, or the lite. In this 
mDdified arrangement, the user can set tq? a mask region for eacii kind 
of false defect v«hile saving the tine of input. 

In a fifth modified form of the first preferre^dentxxliinent, pattern 
defects are indiccited on layout information at a netwariced CM> display 
terminal instead of being indicated on layout inf onnation stared in the 
Inspection e^j pa ratus. In this modified euaCTiganent, possible defects 
on each layer in rou^h patterning and fine patterning can identified 
with 



Ehtodiment 2: 

(^le following descri b^ ^ second pref enQed enbodinent of the 
present invmtio^. (Referring t^ FIG. 16^ tliere is shc»«i ^configuration 
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Of an electxCTX-bean pattern inspection a55)aratus (ii^ the second preferred 
enixxUmait of the presoit InvCTtion. liie elecfcccn-beam pattern 

inspection ^paratus ocnptises an electron optical system |06] including] S 
an electron source l^for emitting an elecjtrcn beam 2Q|an elecQpon gun 
^02^ in ^ftiich tit» elec(^tion team 2 from the electron source 1 is extr;a:ted 
and acxjelerated ty an electrode to prodixse a virtual electron source 
lioi\ at a predetermined point thcoucji an electrostatic or magnetic field 
sui)erinposing lensQ^ a oondmser lens (loS) >f or oonvexgli^ the electron 
iDean 2 from the virtual electron source (ioi) at a predetermined convergence 
pointf^^^a blanking plate ^04)Avtoicii is equipped in the vicdnit^y of the 
convergenoe point of the eJectxcn beam 2 for turning on/off the electron 
becin ^^a deflector 105 for deflecting the electron beam 2 in the X and 
y direction^ ^ and an objective lens 4 for converging the electron beam 
2 CTito an object substrate ft^Further, The electron-beam pattern 

inspection ^t>aratus oaiprises a specimen chanter 107 in vdiich the object 
siiDstrate [s) (wafer 31) is held in^vacuu^{)^ a stage 6 ^Aiere the wafer 31 
is mounted and|^a retarding voltage 108 is ajjplied for enabling detection 
of an inage at an arbilQcary position^ » ^a detec^tor 8 fcr detecting secondary 
electrons 7 or the like produced from the object substrate (s) to output 
a detected analog signalQ. ftn A/D cscnverter 9jjfor owvertiiig the detected 
analoq signal Into a digital inage. i a memary 109 for staring digital 
lirage data, /an dirage processor circuit 202 (in vAiJx^Jthe oonwearted digital 
image (Is ocnpareO with a xefecenoe digi^^al linage stored in the ineniary 
109 and ^ difference^ found liy ocnparison by ciianglng an image processing 
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oonditljon 201 fcao each Image pcooessing regTcn 200^ detected), as a pattern 
defect 1^ , j& general occrtrol part 110 ^ in feature qiaant^^ity data 

^03} of eacii pattern defect 11^ such as ocxxrdinate data, projectLon length 
data and shE?)e data vis handled (ccntml lines from the general cxxrtrol 
part no are not shcsTn in FIG. 16)[r^^ and an operation display 45j|on iidiicii 
data of pattern defects 11 is displayed/ an iinage of a selected pattern 
defect U is displEryed , and each inage prooe ssing region 200 is displayed 
or edited. ^ Still further, the electron-beam pattern inspection 
fijparatus ocnixclses a teyboard {l2^, a mouse ^^p^ and a knob [122) (not shown) 
fotr operation and oontrocQ^ ^ ^ sensor 113 for measurli^ the heic^ level 
of each wafer 31 to maintain a focal point of a detected digital im^e 
throu^ control of a current applied to the objective lens by adding 
an offset UsQj a loader (lie) (not shewn) for loading the wafer 31 from 
its cassette 114 to the specimen chanber 107 and unloading the wafer 
31 from the specdmen chanber 107 to the cassette H^?)) ™ entation 
flat detector [iIT) (not shown) for positioning the \irafer 31 according 
to tiie cixconferentia^l shape of the wafer 3lQjan optical mlcrosc^ope 118 
for allowing observa^tion of a pattern on the \rafer 3lQ^ and a standard 
specimen 119 \shich is set on the stage 6. 

Cperations in the second preferred enbodiment ^^mne described belowfj 
^iLd^ include a conditioning operation in \diich an image processing region 
200 and an ims^ pro oessing condition 201 thereof are set xsg^ and an 
inspection opexation^in vdiioh pattern defects 11 are detected. 

In the conditioning operation, the user opens the startup screen shewn 
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In FIG. 9 C3n the cperatlcn display 45. On a slot selection part 130 
of the starttp screen, tte user selects a oode XBiiiDer of a stot vdiexe 
tte wafer 31 to be ins'lpected is contained. Ihen, cn a recipe selectlm 
part 131, the user epecdfies a product type of the wafer 31 and a process 
step thexeof, and the \aser presses a reci^pe creation start tutton 132 
for starting 13» oooaitionlng cperaticn, Ote oonditicning operation 
Indudes^^ contrast setting for the electrtTn optical system pattern 
layout setting for the wafer 31, pattern positioning allgnnent for the 
wafer 31, calibration in which a signal lev el of the vrafer 31 is checdced 
at a position ^^lere the signal level is indicated aocxirately, inspection 
/:vTr«^^^-^rwl settii^, image processing reg^jcn setting (204) for speci±ying 
an image processing region 200 and an image processing conditlxDn 201 
thereof, and setup condition chedc in trial inspection. (p^crib ed below) 
\^^"Se contrast setting, image processi^^ng region setting, and trial 
inspection, which farm essential parts of the present Inventiocy 

Itoe general control part 110 provides opea^ational instructions 
to rach part in the following manner. F±i£st, the general ccntiCol part 
110 issues an operatl^onal instruction to the loader (not shewn) so 

that the loader (il6) taikes the wafer 31 out of the cassette 114. Ihen , 
throu^ the use of the orientation flat detector (tLt) (not shown), the 
drctmferential shapa of the wafer 31 is checked, and the wa^er 31 is 
posltijoned according to the result of this check. The vrafer 31 is then 
mcMnted on the stage 6, and the specimen chantoer 107 is evacuated. 
Slmaltaneously, the electron optical syst^^m |p6) and the retarding voltage 
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108 are cxmditloned, A voltage Is aff^Ol ed to tJie blanking plate (io4)63 
to turn off the electr^m beam 2. Bie stage 6 Is noved so Itot the standard 
specdmen 119 can be inaged. and an outpi(t of tJie Z sensor 113 Is made 
effective. While a focal point of tl» electron beam 2 is maintained 
at a position carxe!{j)ondiiig to "a vatae detected by the Z sensor 113 
+ an oEfset 112*, raster scanning is pe^onned ty tbe deOfic^tor 105. 
In synctaonizatlon with this raster soan^nii^. the voltage applied to 
the blanking plate ^oijjis turned off so that the wafer 31 is irradiated 
with the electron beam 2 as regtiited. Bactecattexed electrons or 
seccnclary electrons produced from the wafer 31 are detected by the detector 

8, \*iicJi then outputs adetected analog signal. Ohrcu^ the A/D converter 

9. the detected ana(jp9 signal is oonver^jpd into a digital im^. By 
changing the offset 112, a plurality of digital images are detected, 
and in the gaiexal coi(trol part 110, an optTman offset ^l] for maoQmizing 
the sum of image di£f4ji:ratial vahjes is det^smiined. The cptinun offset 
111 thus detemdned is set vip as the current offset value. 

After the optinun o^set (11^ is established, the output of the 
Z sensor 113 is nede ineffective and a screen transition is made to a 
contrast adjustment screen such as shown in FIG. 10, Ihe contrast 
adjustment scxeai ocm prises: a map dispL^ part 55 having a map display 
area, a buttcm for controlling display of the entire wafer or dia map, 
and anouse operation ocninand button 140 for controlling position moManent 
or item selection by the use of the mouse ^l) (not shown); an image display 
part 56 having an image display area and an image changeover button 141 
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far setting an image magnificatLcn, selecting an optical ndcrograp^h image 
attaix^ throu^ tlie optical mijcroGOope 118 or a SEM image attained throu^ 
tl» electron optical system |lO^ and spec^^fying a kind of image; a recipe 
Gceatlon item selection button 142; a recipe creation «id tuttcn 133; 
and a recipe save tuQton 134. Cn the contrast adjustment serial, the 
user sets 11» mouse operation ocmnand button 140 to a raovem^^t xnode, 
gffid pecfornB novanent on tte map ty dlddng the mouse (^l) to vl£w an 
image at the current position on the image display part. Tlien, the user 
assigns an adjustmaf^t item of the elecbi^on optical syston Q.0 e) to the 
tobb ^23), and adjusts each part of the electron cptixsal syst^ra(l06) to 
attain proper contrast. 

Ihe recipe creation end button 133 is used for terminating recij^e 
creatLoif)^ the recipe save button 134 is \ased fotr saving recipe condition 
dat^^and the recipe creation item selection button 142 is used for setting 
another condition and issuing an instruction for screen transition. 
Tliese buttons are available on all the screens. To open a trial ins pection 
initial screai^ such as shown in FIG. 11, tlie user sets the recipe creatixan 
itan selection button 142 to a trial inspection item. 

Ihe trial inspection initial screen oonpri^ses a map display part 
55, a recipe creation end button 133, a recipe save button 134, a recipe 
cxeation iten selection button 142, an inspection start button 143, and 
an inspection esKi twQton 144. Ihe user sefs the mouse operation ocmnand 
button 140 to a select ion mode. Then, by cUcidng a die on the map di^xlay 
part 55, the user can select/deselect ^ gie)diefoar trial inspection . Each 
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dis can ttms be selaQted for trial dnspec^lcn. After selecting any die 
for trail lii£i)ecticn. the user presses tlie InspectlxDn start button 143 
to start inqie^tion. When trial Inspectlxm is started, the stage 

6 is driven for nme^erst to a scanning start positkm of tlie regim to 
be Inspected cn Uie waffer 31 mounted -Uierecn. 

A pre-neasured offs^^t valae Inherent In the wafer 31 Is add^d 
to tlie offset 112, and tt» Z sensor 113 Is made effective. nien, alcng 
the scanning line 33 dwwn In FIG. 3. the stage 6 is scanned In the Y 
direction. 3n synctaonization with this stage scanning, the deflector 

105 is scanned in tte X direction. IXirliKr a period of effective scanning. 

63 

a voltage to tie hlahklng plate {ioi)yis turned off to let the electrcn 

becRi 2 fall an the wafer 31 for scanning the surface thereof. 

Badcscattered electrons or secondary electrons produced frcm the wafer 

31 ace detected by the detector 8. and throu^ the AA> ccanverter 9, a 

digital inege of the stripe region 34 is attained. Ihe digital image 

thus attained is stored Into the raeraary 109. After ociipletix(2^ of the 

scanning operation of the stage 6. the Z sensor 113 is made Ineffective. 

Bie entire region of Interest can be Inspect^^)^ by repeating stage scanning. 

tiki 

In oases vaiete the ent ire surface of the waf er 31 is inflected. [a);pcanning 

sequence shown in FIG. 12 isj^^ak^. ^aJLJbJ 

When tlie detection po sition A 35 Is (takeii) ^in the image processor 
circuit 202. an image attained at the detecTtion position A 35 is ocnpared 
with an iitEse attali(^ at tte detection position B 36. vaUdi has been 
stared In the roamry 109. If any diEfe^[^^noe is found in comparison. 
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tte difference is extracted as a pattexn defect 11 to prepar^e a list 
of pBcttem defects 11. llie list of pactt em defects 11 thus prepared 
Is sent to the general control part 110. After oc np letlon of inspection 
of the entire region of interest, the user opeais a trial inspectio^n defect 
cbeck scceen^such as siimn in FIG. 13. 

Tflie t Ti aT inspection defect ciiedc scceen ccnixclses a defect 
cLLsplay editing part 150 for displaying feature quantity data of defects 
and editing dasstf^^cation thereof, a map di^E>l3sr part 55 in vdrlcii a 
current position indloatoar 59 indicating the current position and class 
codB syntols of patt^jai defects 11 are disp layed on a layout of the wafer 
31, an image dis piLsy part 56 in vdiloh an im^^e taken at the current position 
is displ^ed, a display changeover button 151 for tunning on/off masked 
defects 43, and other buttons whloh have already been described. 

Tfya, user sets the no use operation ocninan^d button 140 to the 
selection mDde, and then dioks any patteaQn defect 11 indicated on the 
Toap display part 55. ntous, an ixnage of the pattern defect 11 is presented 
on tte Inage display part 56, and feature quantity data thereof is presented 
on the defect display editing part 150. On the defect display editing 
part 150, the pattern defect 11 is subjected to classification according 
to the Image and feature quantity data thereof, i.e., a class code is 
assigned to the featiQre quantity data of the pattern defect 11. At this 
step. If it is desired to treat the pattern defect 11 as a masJoed defect, 
a particular dass code is assigned theret^o. Thus, it can be identified 
as a nosked defect on the rasp display part 55. After ooipleticn of the 
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(iefect classifix^atijon, the losear makes a tran^tion to an image processing 
zegixn setting scxeen ^os) shown In FIG. 17 by \2sing the recipe creation 
itan selection button, or the user returns to the tri al Inspection initial 
screen by pressing the Inspection end button. 

Tto Image processing region setting scree^n (205) ocnpdses a map 
fH<piay part 55 In vdilch a c ur re nt positlD^n I n dlc a toir 59 IndioqQtlng the 
current position, class code syirbols of pattern defects 11. and an Image 
processing region 200 are displacyed on a Xayout of the wafer 3lQ^an Image 
rUgpiay part 56 in \diich an Image taken at the current position is dlsplaye<^^j 
a defect redisplay button 207 for defect Indication based on feature 
quantity Inage data [203) of each pattern defect l^ja new region button 
160 fca: creating a new regloi^^^ a oonplet^^on button 161 for indicating 
the end of creation of a new region, and ot^er buttons vArLch have already 
described. Note that the map displaty pa^t 55 presents the en^pire die 
region. The current position indicator 59 and pattern defecQ:s 11 in 
the entire die regfon are Indicated in representation of on-dle 
coordlnattes. Bie user sets the mouse cpqjratlon oomnnand button 140 to 
the movOTsnt mode, and thai clicks In tlie vicinity of a class code of 
any defect oarxesponding to the Image processing co n di t ion 201 to be 
changed for making movement thereto. Ihus, an image of the defect of 
Interest is presented on the Image display part 56. 

If the user Judlges "tti^t the Image prooessln^g condition 201 shouij^d 
be changed, the user presses the new cr^^cttlon button 160 to select a 
region creation mode. In this mode, the xssSj: defines a region by clicking 
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at the vppec left ooafner and the Icwer rigjit oocmer tiiexeof on the image 
display part, and the user provides a oarrespcndenoe between an image 
processing condition xnxiber [506^ of the reglo^nand a class code. Reference 
Is nade to tl» feature quantity ime^ data (203) of a pattern defect 11 
having liiB dass code \!«ftilcii corresponds to the iiiE^ processing condition 
nmber and the image processing con ditlon 201 is set i:^ for the 

inage processing condition niiiter (206)so tiiat all-deftete detection wlU 
not be made by the image processor drcoCt or sa C t wa re in the general 
control part (otxipcQter) . As required, the user adjusts the image 
processing condition 201 manually. Using a special pondi t icQn on/off 
button 208, the user specifies whether or not the image processing 
condition 201 is to be applied at the tima of inspection. Qa the map 
display part 55, the r^^i^wi region is indicated as an image processing 
region 200 together with the image processing condition nuiter [206J. After 
creating the image processing region 200 as mentioned above, the xiser 
presses the defect redisplay button 207 to confirm that each pattern 
defect 11 belonging to the image processing region 200 is not indicated. 
When the image prooe^ssing region 200 is set \jp as required, the user 
presses the recipe save button 134. Hn^s, data regarding the image 
processing region 200, the image processing condition nuilDer 
corresponding thereto, and the im^e proqjessing condition 201 far eaA 
image processing mitber are saved in a recipe. 

After saving the above data, the user presses the oarpletlon txrtton 
161 to return to the trial Inspection defect cheac screen. Further, 
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cn the trial Inspection defect check screen, the user presses the 
Inspection end button 144 to return to the trl al Inspection Initial screen. 
Thai, It is \also allowed) ^for the user to select another die for trial 
Inspection. For. con£lnndng and tenninatii^g the aibove-roentloned recipe 
creation session, the user pcesses the recipe creation end button 133. 
Upon ocnpletlon of the xedpe creation, the wafer 31 Is unlo^^^hed back 
to the cassette 114. 

Ohe following descr^ibes the inspection operation. In the 

Inspection operation, the user opens the startup screen shewn in FIG. 
9 on the operation dlsplasr 45. Qa the slot seliectlon part 130 of the 
startup screen, the user selects a code nuniDex- of a slot vtere the wafer 
31 to be Inspected is contained. Ohen, on the recipe selec^Qion part 
131, the user specifies a product type of the wafer 31 and a process 
step thereof, and the user presses an in^^pectlon start button 330 for 
starting the inspection operation. After wafer loading, aUgnnnent and 
calibration are^Jmad^, inspection processing is c vi r i ie ci out. Then , defect 
check and defect data output are performed , and wafer unloading is ^inade)^ 
at the end of Inspection. (Described belcw ar^ "tie inspection processing . 
and defect check, vdiich forra essmtial parts of tJje present inventioiy 

VflMi the user presses the inspection start button 330 to indicat(]^e 
the start of In^pectC^J^* stage 6 is drl ven for novenient to a scanning 

start position of the region to be inspected on the wafer 31 mounted 
thereon. A pre-neastT^^^red offset value ihh^^rent in the wafer 31 is adc3ed 
to the offset 112, and tiie Z sensor 113 Is made effective. Then, along 
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tte scanning line 33 i^iown In FIG. 3, the stage 6 Is scanned in the Y 
dlxectlm. In ^r^ y lK^"^'■^^*^^^^<^ of this stage scanning, the deflector 
105 is scanned in the X direction. During a period of edEfective scanning, 
a voltage to the blanking plate gp4)^is turned off to let the eJectrcn 
beam 2 -Pan on the mfer 31 for scanning the surf aoe thereof. 
Bacfcscattered electrons or secondary elec trons produced fron the wafer 
31 are detected ty the detector 8, and through the A/D converter 9, a 
digital inE^ of the stripe region 34 Is attained. The diglt^^l image 
thus attained is steered into tte memory 109. After oorpleti^^)* ^ 
scanning operation of the stage 6, ttB Z sensor 113 Is made Ineffective. 
Ttie entire region of interest can be inspect^^d by repeating st^e scanning. 
In cases vtere tte entire surface of the wafer 31 is^inspected, the scanning 
sequence shewn in FIG. 12 is^^ike^. 

When the detection position A 35 is ^ike^J|ln the im^^ pbocessor 
circuit 202. an image attained at the detecQbion position A 35 Is ccnpared 
with an image attaii(j^ at tlie detection position B 36, vdxLcii has been 
stOQced in the u fcaiuL y 109. If any diffei^^^^noe Is found in coroparlscn, 
the difference Is extracted as a pattern defect 11 to prepare a list 
of pattern defects 11. Ihe list of patC^m defects 11 liius prepared 
is sent to the general control part 110. After co np Letion of inspection 
of the entire region of interest, an inspection defect cteck screai^ such 
as shown in FIG. 15^is opened. 

Ihe inspection def ec^ cfaedc screen ccnpr Ises a defect displaQy 
editing part 150 for displaying feature quantity data of defects and 
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editing cCLasslflcatljon ttesreof , a map aispLay part 55 In a currart 

position indicator 59 indicating the car rait position and class code 
siyifbals o£ p a t t ern defects 11 are displa^yed on a laycut of the \i^er 
31/ an inage dis play part 56 in which an ine^e taken at the curcent position 
is disposed, a difipiLay changeover button 151 for turning cn/off masked 
defects 43, and an ii^spection end button 144 for indicating the end of 
inspection. Uia user sets the mouse operation ooranand tuttxTn 140 to 
the selection mode, and then clicks any pattern defect 11 Indix^ated on 
the displEry part 55, Hms, an Ixde^ of the pattern defect 11 is 

presented on the ime^ display part 56, and feature quantity data thereof 
is presented on the defect display editing part 150. Cn liie defect display 
editing part 150, the pattern defect 11 is subjected to classification 
aocarding to the ima^e and fe a ture quantit^y data thereof, i.e., a dass 
code is assigned to the feature quantity data of the pattern defect 11. 

A display changeover button 209 is provideOd for turning on/off 
the display f oar liie image processing condition 201 in the image £nx>oessing 
region 200. With thi s button, the user can perform a display changeover 
according to \tether or not the image prooe^^^/sii^ condition 201 is applied 
to each pattern def^Qjt 11 in the image processing region 200. If, by 
using the special ocnditlon on/off button 208, the user has specified 
that the image proo^jpsing condition 201 is to be applied at the time 
of inspection, a display changeover with the image display changeover 
button 209 is not awallatble since the image processing condition 201 
is already applied. To terminate the insjTection defect check session 
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mentljonBd above, the user presses the Insp ectlon end button 144 . Eac h 

pattern defect 11 and feature quantity data tliexeof are stared 

into matnry means (not shown) in the general central part 110, and^also 

^ — \ 

delivered to extesmal memntry means (not s^aaa) through a ccraiunjixsation 
line (not shown) car to other inspection/cto^servation means (not shown). 
Ohen, control is returned to the initial screen. 

Aocarding to caae asp^jrt of the second pre^^rred entodiment, the 
«itire surface of each wafer can be inspected usix^ a £EM image thereof 
without regard to pattern defects in the image prooessii^ reglm 200, 
i.e., true pattern defects 57 only can be indicated to the user far easy 
Identification thereof. 

Further, acxx^trdtog to another aspect of the second preferred 
eifeodira^, it is (also allowed) j^to display defects in the image pnjj^essing 
region 200, Hierefcf^e, in cases rou gji patterning is{nBde)^to farm 

a redundant power wir ing layer, ^ayjaegree of rougjtmess in patter]ning can 
be examine by means of display changeover. 

Still further, according to another aspect of the second preferred 
enisodim^t, an iirage processing condition can be set so that false defects 
identified xander actual inspection conditions will not be detected. It 
is thexef are possible for the \3ser to speci^fy a threshold prcpen^ly just 
as required. 

Furthermotre, aoootoiing to another aspect of the second preferred 
€fiix)diment, a diffe^^t image processing region 200 can be created 
additionally. Thea^jCore, in cases ^diere the image processing condition 
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201 has been deflneci issing an object containing a anaUL degree of random 
veirlcrtijcn, the user can set up a new image processing region addit^icnally 
to provide proper conditioning for image processing as required. 

Moceover, aooooxllng to another aspect of the second preferce^d 
enix)dlinent, tbG image processing condition 201 is adjtistable without 
ocnpletely deleting data of pattern defects 11 in the image processing 
region 200. Iterefdi^e, the user can adjust the iinsge processing condition 
201 so that false deflect detection will be prevented as requirejd vshUe 
possible defects remain inspect able. 

Still further, accQcrdli^ to another aspect of the second preferred 
efribodiment, in cases vihexe, by using the special condition on/off button 
208, tte user has spe dfied that the image processing co n di t ion 201 is 
not to be sqppUed at the time of inspectio^n, it is gJjcx^sd^ )^to alter the 
image processing region 200 and thB iiteig& processing condition 201. 
TIberefare, even if it becomes necessary to provide a different image 
processing condition due to variation In a fabrication process, the user 
has only to adjust the image processing condition 201. Ihus, inspection 
can be carried out iising feature quantity data [203^ acquired already. 

Ehixdiment 3: 

(Bie following descrlbS^ ^ third pref enr^^^ entxDdiment of the 
present inventioa:^ A ^fl 

(^feirlng toj FIG. Ifif^ there is shewn S\ configuration of an 
electron-beam pattern inspection appara tus ^(iii) the third preferred 
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aiixxUmsnt of the piiBsent Invention- The electron-beam p a ttern 



inspecticn apparatus cxjuarlses an electron optical system 

an electron source 1 for emitting an elec trcn beam 2Q^an elect ron gun 

In ^diicti the electron beam 2 £rom the eXectxon source 1 is extracted 
and accelerated by an electrode to prodaoe a virtual electron source 

£ct a predetezmlned podnt through an electrostatic or magnetic -Field 
sc^jeriiqposlng len^j a condenser lens QoSjifar converging thG electron 
beam 2 from the virtual electron source ffoi) at a predetennined convergence 
polntQ j a blahldiJig plate ^04yvdrLcfa is equipped in the vicinity of tiie 
convergence point of the electron beam 2 far tumii^ cn/off the electron 
beam 2Qa deflector 105 for deflecting the electron beam 2 in the X and 
Y directionCA- and an bbjective lens 4 for converging the electron beam 
2 onto an object substrate 5. " Further, the electron-beam pattern 
inspection apparatus conprises I a speciroen ciianter 107 in vdiich the object 
substrate \5\(wQfer 31) is beld injcvacuuiCV, a stage 6 tt)& wafer 31 

is mouoted andj^a retarding voltage 108 is applied far enabling detection 
of an image at an arbi^jcary positLon^^ j j^a detecjtor 8 for detecting secondary 
electrons 7 or the like produced from the object substrate ^to output 
a detected analog signalQ, kn A/D converter 9j^far converting the detected 
analog signed, into a digital image, |^ a memory 109 for staring digital 
image data, x sn image processor circuit 10^ \tihich]j^the converted digital 
inoge (is odnpared) with a reference digital im^e stared in the memory 
109 andj^a difference found in / conparison indicatedj as a candidate 

defect 4d^^ A candidate defect memory part 41jjfdr staring feature quantity 
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clstta 203 of each candiaate defect 40isacii as cxxtrdlnate data, projectlcn 

loigtii data and shape datag, ^ feature quaEptLty cbecJc part 251/ in ^dilxdi 

^ 

feature quantity data 203 of each candidate defect 40 Is reoef^ved fron 
the candidate defect matnry part 41 and it is checked)^ whether the candidate 
defect 40 meets prespedfied feature quantity data 25cQ , (1 detail imag^ 
processing part 252 j In which, under an linage processing oonditlm 201 
specified for each feature quantity data , a jud^nent for det ennixilng 
each pattern defect 11 is farmed cm the candidate defect 40 that has 
proved to meet the prespedfied jfeature quantity data 250|^ty the feature 
quantity data chedc part 251, j a general control part 110 jin vfaL cJiJ^data 
of each pattern defecjb 11 ^ received) fron the detail linage pro cessing 
part 252 (control ^Ar^e^ from the general control part 110 are not shewn 
In FIG. 18}(^ and^ ^b operation display 45yyon which data of pattern defects 
11 is displayed, an Image of a selected pattern defect 11 is dl^Oayed, 
and the Inage process! ng region 200 is displa^^ed or edited. ^ Still further, 
the electron-bean pattern inspection agpparatus oorapcises a teyboard 
a mouse ^l) and a tao b ^22^ (not :town) for operation and oont rol£]^ a Z 
sensor 113 for measur^lng the height level of each \i*afer 31 to maintain 
a focal point of a detected digital Image through control of a current 
£«>lied to the dbjec^jive lens by adding an offset ll^Q^a loader ^16) (not 
shown) for loading the wafer 3i from its cassette 114 to the specimen 
chcniDer 107 and unloading the wafer 31 from the specimen chanter 107 
to the cassette 114Q ' an orientation flat detector (iit) (not shown) for 
positioning the wafer 31 according to the diomferentlal shape of the 
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wafer 33g^^an optical micioscxpe 118 for (alio wing)|oteea:vatlm of a pattern 
on tte wafer Sl^^jand a standard specdmai 119 \diicii is set cn tte stage 



6. 



C|)exations in tte thir d preferred €ntx)dlirea£]jt^re descxd^ telowTj 
^irlch^ Irr^ii^ a ooodLtionlng operation ^ in ^dilch feature quantity data 
250 and an inage processing condition 201 ttereof are set vip^ and an 
Inspection cperatioaa^in v^iLch pattern defects 11 are detec t ed. 

In the conditioning operation, the user opens tte stafttp screen shcMi 
in FIG, 9 on tte operation display 45, Cn a slot selectlxxi part 130 
of tte starti^) screen, tte user selects a code nurater of a slot ^*ere 
tte wafer 31 to te ins pected is contained. Iten, cn a lecipe selection 
part 131, tte user specifies a product type of tte v^esr 31 and a process 
step ttesreof, and the user presses a recl^pe cxeaticn start tutton 132 
for starting 13ie conditioning operation. Ite conditioning operation 
indude^^ contrast setting for tte electro^ n optical system ^C^. pattern 
layout setting for tte wafer 31, pattern positioning alignment for tte 
wafer 31, calibration in which a signal lev{el of tte ^rafer 31 is ctecked 
at a position vAiexe tte signal level is indicated accurately, inspection 
condition setting, image processing feat ure qiaantity data set ting ^ij 
for specdb^lng feature quantity data 250 and an image processing co n dition 
201 ttereof, and set^p condition check in trial inspection. (Bescrited} 
(telow ar^ Ite contract setting, image prt)c]essing feature quantf^ty data 
setting, and trial inspection, vhlch farni essential parts of tte present 
ixivi^tloi^ 
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ai» genexal ooatrol part 110 provides oper atlo n al instructlcns 
to each part in the f oLLcwiiKr manner. Fir st, the general control part 
110 issues an cperatf3"ial InstrucrticHi to the loader (Il6^ (not ^G«n) so 
that the loader (ll6) takes the wafer 31 out of the cassette 114. Ohen . 
through the use of the orientation flat detector (not sho^), the 

ctoxinferential shE?)e of the wafer 31 Is checked, and the wa£jpr 31 is 
positioned acxxardlng to the result of this chedc. The wafer 31 is ttien 
mounted cn the stage 6, and the speciiien chaniDsr 107 is evaQ;iated. 
Sinultaneously, the electron cptical system 106 and the retarding voltage 
108 are oooditioned, A voltage is appl± ed to the Mahklng plate (ioi)^^ 
to turn off the electiQan beam 2. Ohe stage 6 is noved so liiat the standard 
specamen 119 can be im^ed. and an outpiO of the Z sensor 113 is made 
effective. While a focal point of the electron beam 2 is maintained 
at a position oorrej^ponding to "a value detected ty the 2 sensor 113 
+ an offset 112", raster scanning is per f onnBd ty the deflec^tor 105. 
In synchronization with this raster scan\iing, the voltage applied to 
the blanking plate ^4)jtis turned off so that the \!^er 31 is irradiated 
with the electron beam 2 as required. ^ Backscattered electrons or 
secondary electrons produced from the wafer 31 are detected ty the detector 

8. ^ch then outputs a detected analog signal. !Ihrou^ the A/D converter 

9, the detected ana:]Qog signal is converged into a digital image. By 
changing the offset 112, a plurality of digital images are detected, 
and in the general oon trol part 110, an optiman offset gli) for max imizing 
the sun of image diffejcmtial values is det^anidned. The cptinum offset 
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^11^ thus aeterntLned is set vp as the curr^eirt offset value. After the 

optinun offset Is established, the oxitput of the Z senso^r 113 Is 

made ineff active v and a scxeen transitijon is made to a contrast adj ushnent 

(I) 

screen^ such as shown inFIG, 10. Mohe oontxast adjustnnent scceen cGropdses: 
a display part 55 hairing a map display area, a tutton for cent zoUing 
display of the entlr^e wafer or die nep, and a incuse operation ocmaand 
button 140 for controlling position u LFwaiie nt or item selection ty the 
use of the mouse (l2l) (not shewn); an image display part 56 having an 
inege display area and an image changeov^er tutton 141 for se tting an 
lirage nagnification, selectii^ an cptijc^l microgragph Image ^ttalneeQjf'^''*^^ 
through the optical mioxosoope 118 or a £EM image gttained) A tiiro the 
electron optical sys tem ^O^, and spedd^ ing a Icind of image; a recipe 
creation item selection button 142; a recipe creation end tutton 133; 
and a recipe save button 134. 

On the contrast adj ustment screen, the user sets the noas^e 
operation comnand button 140 to a movement mod^^ and peiXouns movenent 
on the irep by clicking the mouse ^ij to view an image at the oirrent 
position on the image display part. Thai, the user assigns an adjustment 
item of the electron cptijcal system ^06^ to the tooto ^227) and adjusts 
each part of the ele^Jtron optical system ^Oej to attain proper contrast. 
The recipe creation endbutton 133 is used for terminating recipe creatix3ii^^ 
the recipe save butt on 134 is used for saving recipe oonditf^cn data^])^ 
and the recipe exeat ion item selection button 142 is \3sed for setting 
another condition and issuing an instruction for screen tra n si t io n . 
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rOiese buttons are available on all the screens. To open atrial Ins paction 
initial screen^ sudi as shown in FIG. 11. the iiser sets the recipe creation 
item selection button 142 to a trial inspection item. 

The trial inspection initial screen ocnpri^ses a map display part 
55, a recipe cxeatlon end button 133, a recipe serve button 134, a recipe 
creation item selection button 142, an Inspection start button 143, and 
an inspection end but ton 144. Ote user se^s tiie incuse qperatixn ocnmand 
button 140 to a selection mode. Thai, by clicking a die on the map display 
part 55, the user can select /deselect the die for trial inspection . Each 
fiitf> ffln thoas be selet^jted for trial inspect^^J^*** Aftser selecting any die 
for ^ raiT^ ^ inspection, the user ptresses the inspection start button 143 
to start trial inspec ticn. VOien trial ins paction is started, the stage 
6 is driven for moMei^jmt to a scanning sta^ position of the region to 
be inspected on the wafer 31 mounted thereon. A pre-measured offset 
value inherent in the wafer 31 is added to the offset 112, and the Z 
sensor 113 is nade effective. Qhen, alon^ the scanning line 33 shewn 
in FIG. 3, tt^ stage 6 is scanned in the Y dii^ection. In syncinxnization 
with this stage scannf^ng, the deflector 105 is scanned in the X dir ecticn. 
During a period of effective scanning, a voltage to the hlankiif^g plate 
^O^jJ^is turned off to let the electron beam 2 fall on the vgafer 31 for 
scanning the surface thereof. ' ' Backscattered electrons or seocndary 
electrons produced from the wafer 31 are detected by the defector 8, 
and throu^ the A/D converter 9, a digita^l image of the stripe region 
34 i^^Jattaine^. Hie digital image thus ^tta ine^is stored into the memory 
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109. After ocirpleti^^_^ of the scanning operation of the stac^e 6, the 
Z sensor 113 Is matte ineffecTtlve. Ihe entire zegicn of intejtest can 
be inspected ty repe^ating stage scanning . In cases \<here the entire 
surface of the wafer 31 is inspected, a scanning sequence shewn in FIG. 
12 is.ftateeg. 

When the detection position A 35 is ^alQen)y|in the inage pcooessar 
circuit 10, an ine^e^^^^^jied)) at the detection position A 35 is oonpared 
with an image ^tain ed^j^at the detection position B 36, vdiioh has been 
stored In the memory 109. If any differ^ anoe is found In com parison, 
the difference is ext^^acted as a candidate defect 40 and feature quantity 
d^ta (203^ of the candidate defect 40 is stored into the candidate defect 
menory part 41. Sinw Itaneously, at the feature quantity data check part 
251. it is ctecked Jt whether the candidate defect 40 meets prespedfied 
fe a t u re quantity data 250 or not. If the candidate defect 40 meets the 
prespecdfied feature quantity data 250, data of the candida^^e defect 
40 is sent to the detjail image processing part 252. Then, in the detail 
image processing part 252, image processing is < .v» t l ed out under an image 
processing condition 201 detemdned for eac^ prespecified feature 
quantity data to check v*>ether the candidate defect 40 is a pattern defect 
11 or not. If the can didate defect 40 is recognized as a patteiQn defect 
11, an identification code (^3) thereof stored in the candidate defect 
memory part 41 is sent to the general control part 110. After conpletion 
of Inspection of the «itire region of int erest, a defect chec\ screen^ 
such as shown in FIG. 19jis opened. 
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Tte defect check sca^^en ocnprlses a defect display editing part 
150 far displaying feature quantity data of defects and editing 
classification thetrea^ j a map displacy part 55^ In iithicii a current position 
Indicator 59 Indicating the current posi t io n and class code syntxxLB of 
pattern defects 11 are displacyed cn a laryo^ut of the wafer an Image 

display part 56vln ^diicii an Image taken at the current position is di^Oaye^j 



inakingjKad 



arealAnemary Image display changeover tutton 255 for ^[Bikingj|^ a cha ngeover 
between ^ real Image displary andAmanory image displEry, and other tuttcns 
v*lLc1i have already been described. Hie user sets the mouse operation 
ccmrand button 140 to the selection mode , and tlien clicks any pattern 
defect 11 indicated on the map dlsplacy part 55. Then, if real image 



selection has been made with the real/memory Image changeove^^ 



button 



255, a coardlnerte location of the pattern defect 11 is taken for image 
acquisition. I^raan^ry Image selection has been made with the real/roanary 
image ctiangeovea: button 255, an image of the pattern defect 11 Is presented 
on the Inage display part 56^ and feature quanlt^-ty data thereof is pr^s^ited 
cn the defect dlsplEry editing part 150. On the defect display, editing 
part 150, the pattern defect 11 is subjected to classification according 
to the image and fealQare quantity data thereof, i.e., a class code is 
assigned to the feati^^):e quantity data of the pattern defect 11, At this 
step. If it is desired to treat the pattjem defect 11 as a defect not 
to be detected 58, a particular class code is assigned thereto . alms, 
it can be identified as a defect not to be detected on the map display 
part 55. After ocnpfetion of the defect classification, the user makes 
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a txansition to an image procsessing feature quantity data setting screen 
gj^^^iown in FIG. accusing the recdpe cxe attoi item selection button, 
or ti» user retums to the trial inspectio^n initial screen ty pressing 
tte inspectijon end button. 

Hie iiiEige prooessing feature quantity data setting screen (i60j 
cxxipdses a class ood e speci^ing part 262 far spedt^ing a da ss code 
of intereist ^l^ja defect selection port 263 far selecting defects having 
the class code of iirt erest (261) in sucoes£^;^onQ^ a feature quan£\*y <3ata 
specifying part 264 far specifying feature quantity data of eadi selected 
€^£ect and feature quantity data 250 used as a selection cxit^erlonQ* a 
ncp dij^Oay part SsQ^an image display part 56j^in \*iicii an image of eaA 



defect 11 is displayedQ J an image pncoesslng condition setting part 265 
far setting up an image prooessing oonditlon nuiter [207] oarxesponding 
to an inage prooessii^ condition 201 to be applied to an image selected 
by the feature quantity data specifying part 264^Ja defect redisplay 
button 207 far indicating on the map display part 55 the result of judgtient 
attained after an evaluation image prooessing part 252 checks j^\dieti3er 
or not an in^e in the candidate defect nmQcy part 41 is a patter^ defect 
lljT^^a new feature qua ntity data creation button 266 for creatiiPg a new 
image prooessing con ditlon nartoer (207) 00 rre^wnding to presj^ecaf ied 
feature quantity data 25C[,3j a ocnpletion button 161 far indicating the 
OTd of creation of new feature quantity dataQ^^ and other tutto^ns vdilcii 
have already descrlbe^d. The recipe save button 134 is provided for saving 
data in a recipe. 
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After saving the data, tte user presses the ocnpletlcn button 
161 to return to the trial Inspection defect check screen. Further, 
on the trial inspection defect check screen, the user presses the 
inspection end button 144 to return to the tr^al inspection initial screen. 
Otei. it is (also allowe^ J( for the vser to select another die for trial 



Inspection. For ocnfjirraing and terndnatiiT^jj tlie above-mentioned session, 
the user presses the recipe cxeation end button 133. D^pon ocmpletio n 
of the recipe crecitlQon. the wafer 31 is unloaded back to the cassette 

Ohe ^Hewing descr ibes thej inspection operaftiocy In the 

inspection operation, the user opens the startcp screen shewn in FIG. 
9 on tiie operation display 45. On the slot selection part 13 0 of the 
startup screen, the user selects a code nuirtoer of a slot v*iexe the v^afer 
31 to be inspected is contained. Ihai, on the recipe select^ion part 
131, the \3ser specifies a product type of the wafer 31 and a process 
step thereof, and the user presses an in^^^jection start button 330 for 
starting the inspection operation. After wafer loadi n g, alignment and 
calibration are||[mad^, inspection processing is carried out. Then , defect 



perfamed , and wafer unloading is(nBde^^^>''^'^^^^^ 



check and defect data output are ^ , — ^ 

at the end of inspection. ^^crtbed below ar^ processing 
and defect check, which form essential parts of the present inventioij. 

When the user presses the inspection start button 330 to indicac^e 
the start of inspectf^^^pn, the stage 6 is dri ven for movement to a scanning 
start position of the region to be inspe^cted on the vrafer 31 mounted 
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tiiexeon. A pre-nBas^^jned offset value iiih£jpait in the i^er 31 is added 
to tbe offset 112, and tte 2 sensor 113 Is made e£fec±ive. Ihen, alcng 
thB scanning line 33 stxMa in KEG. 3, tte stage 6 Is scanned in the Y 
aiiecticn. In s y iKiin. in l 7 . a1 "1o n of tills stage scanning, the deflector 
105 is scanned In tte X direction. During a period of effective scanning, 
a voltage to tte Uariking plate g04)|is turned off to let the electron 
besro 2 fall cn tte wafer 31 for scanning tte . surface thereof. 
Backscattered electrons or secondary elec trcns produced from tte wafer 
31 are detected ty tte detector 8, and throwsJi tte A/D converter 9, d 
digital iireige of tte stripe region 34 is|^ttaine^ Otoe digita^ im^ 
thus attained is stored into tte mannry 109. After oonptetid^n of tte 
scanning operation of tte stage 6, tte Z sensor 113 is inade ineffective. 
Ite entire region of interest can to inspect^^ ty repeating stage scanning. 
In cases ^Aiere tte entire surface of tte wafer 31 is inspected, tte scanning 

sequence stown in FIG. 12 is||^ike^ ^j^Jjjt^ 

Mten 13ie ^tection position A 35 is(taa^jin tte image processor 
circuit 202, an image ^ttainea/ at tte detection position A 35 is ocnpared 
witli an image ^ttain ^\sct tte detection position B 36, i^diicii has teen 
stored in tte memory 109. If any diffei(]^K3e is found in oanpariscn, 
tte difCerenoe is exQpacted as a candidate defect 40 and stared in tte 
candidate defect memotry part 41 . Furthe^r, tte feature quantity data 
check part 251 selects a candidate defect meeting tte pre^)ecified feature 
quantity data, and using an iitage processing condition 201 detenrdned 
by an inage process ing ocndition nuiiDe r gofj oorre^wnding to tte 
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pEespecdfled feature quantity data, the detail image processing part 
252 farms a judgment on ^tetiiear or not the candidate defect 40 is a pattern 
defect llj^to y n sipar e a list of pattern def ects 11. Ihe list of pattern 
defects 11 thus prep^^red is sent to the gen eral control part 110 . After 
cxirpletion of inspec€^ion of the entire region of interest, a def^Jjt ctock 
screen such as shown in FIG. 15 is opened* 

The defect ciieck scre'en oorprlses a defect display editing part 
150 for displaying feature quantity data of defects and editing 
classification therea^^ a map display part 55^in whicii a current position 
indicator 59 indicating the current position and class code syidbols of 
pattern defects 11 are displayed on a laytTut of the TOfer 3l£)jan image 
dispOay part 56 in vdrLcti an inage taken at the current position is di^)layeq^^ j 
a display changeover button 151 for turn ing cai/odEf candidate defects 
41 with pattern def ecNs 11 IndicatecQ ^ and an inspection end tut ton 144 
for indicating the end of inspection. Olie user sets the mouse operation 
cxnnEmd button 140 to the selection node , and then cliote any pattern 
defect 11 indicated on the map display par t 55, Olius, an image of "ttie 
pattern defect 11 is presented on the image display part 56, and feature 
quantity data thereof is pres^ited on the defect display editing part 
150, Cn tiie defect display editing part 150, the pattern defecj^t 11 is 
subjected to classification aooording to the image and feature quantity 
dctta thereof, i.e., a class code is assi gned to the feature quantity 
data of the pattern defect 11. Adisplay changeover button 209 is provided 
for turning on/off the display for the image processing ooodition 201 



-58- 



In tlie inege pEDXJessing region 200. With this tutton, the user can perfonn 
a display changeover acxxoxling to \diether cor not the inoge processing 
ocnditlcn 201 is apglQ^ to eacii pa t te rn defect 11 dn the image prqjpessing 
region 200. If, ty using the special condition on/off tutton 208, Uje 
user has spedjEied tha^t tto image processing condition 201 is to be applied 
at tto tine of inspect tLon, a display chancQeover with the image d1 F^lay 
ciiangeovBT buttC3n 209 is not available^ since the ixnaga processing 
condition 201 is alr^jady applied. To terminate the inspectiixx defect 
check session mentioned above, the xiser presses the inspecticn end tutton 
144. Each pattern defect U and feature quantity data thereaf 

are stared into memo^iy means (not shewn) in the general cont rol part 
110, and j( also delivered to external memory means (not shewn) throuc^ 
a oomunication line (not shopwn) otr to otheET inspection/ctoservaticn means 
(not shown) . Then, control is returned to the initial screen. 

Aooording ^ to ci^ asp^J^ of the third prefq^rred enixdiment, the 
entire surface of each wafer can be inspected using a SEM image thereaf 
to detect true pa*i^>ii defects 57 only. Ohus, the laser can identify 
the true pattern defects 57 with ease. 

Farther, aooording to another aspect of the third preferred 
CTiaodiment. in cases where rougji pattemin^g is (made)^ to fonn a redundant 
power wiring layer or a pattern edge, j^^degiOBe of roughness in patjzeming 
can be exannined by means of display changeover. 

Still further, aooor^^ing to another aspect of the third preferred 
enixxiimMit, an image processing condition can be set so that false defects 
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irfcsitifled under acrtual inspectiGa oonditlotis will not be detected. It 
is thexefoce possible far tte laser to spec^^ a threshold prcpeiQLy just 
as required. 

FortiieaTOXEe, aoooocding to another aspect of the third preferred 
enixNiiinEnt, the in&ga processing oonditicn 201 is adjustatWe withcut 
ocnpletely deleting data of pattern defects 11 in the image pn^)oessing 
region 200. Tliexefa^e, the usear can adjtist the image processing condition 
201 so that false des^ct detection will be prevented as required i^Mle 
possible defects renain inspectable. 

As set forth TiaiC ^yruft ^ and aoo^±ng to the present invention, 

the user can set a non-inspecticn regio n /I effective for a devix^ having 
a caiplex, large pat£Wn area to be iiispect^ed^sixii as a wafer. Further, 
in cases where a considerable difference is found in ccnpqT^rative 
inspection of detected iraages^ even if the difference is not actually 
a defect, the present invention makes it poss i ble to avoid fal4> defect 
detection while carrying out detectijon of ndnuscule defects. 

Ttift invention may be enfeodied in other speci f ic forms without 
departing fran the spirit or essmtlal characteristics thereof. Olie 
present entoodiroents are therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the inventixn being 
indicated by the appended claims rather than ty the foregoing description 
and all charges v^iidi come within the neanjing and range of equi^valency 
of the claluB are therefore intended to be enteaced therein. 
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